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Abstract

Lower limb deep vein thrombosis (DVT) is not an uncommon postoperative complication of spinal fusion surgery. However, the
related risk factors identified in previous studies remain controversial. This study aimed to investigate risk factors for lower limb
DVT in patients with single-level lumbar fusion surgery. Between January 2010 and December 2016, a total of 710 patients
undergoing lumbar fusion were recruited for this study, including 172 males and 538 females (aged 18-75 years). Deep vein
thrombosis was detected by ultrasonography. Accordingly, patients were divided into the DVT group and the non-DVT group and
compared in terms of operative data, underlying diseases, and biochemical data. Additionally, logistic regression analysis was per-
formed to identify risk factors for lower limb DVT. The incidence of lower limb DVT was 11.8% (84 of 710 cases). Five patients were
symptomatic, with lower limb pain and swelling. Two patients developed pulmonary embolism and | died. Binary logistic regression
indicated that advanced age (P = .001, odds ratio [OR] = 2.86, 95% ClI: 1.85-5.12), hypertension (P = .006, OR = 4.10, 95% CI: 1.09-
2.30), and increased p-dimer (P <.001, OR = 3.49, 95% ClI: 2.05-6.36) were risk factors for postoperative DVT. In conclusion, for
patients with single-level lumbar fusion, advanced age, increased p-dimer, and hypertension may contribute to DVT development
after spinal fusion surgery. Therefore, patients with these risk factors should be protected during the perioperative period.
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following: advanced age (at least 75 years), congestive heart
failure, cancer, and chronic obstructive pulmonary disease. A
later study of 15 520 consecutive patients with acute VTE,
including both patients with PE and DVT, found that 6264

Introduction

To the best of our knowledge, venous thromboembolism (VTE)
is a common clinical ailment and potentially fatal to patients,
comprising deep vein thrombosis (DVT) and pulmonary embo-
lism (PE).! Venous thromboembolism may potentially result in a
high morbidity rate, poor quality of life, and even sudden death
by PE. In fact, VTE and related complications impose a heavy
burden on the national health-care system.” Thus, VTE has
drawn much attention and has been well studied in the past few
years. Some previous studies have indicated that VTE is corre-
lated with obesity, smoking, high blood pressure (HBP),
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advanced age, blood transfusion, immobilization, hospitaliza-
tion, trauma, major surgery, neurological deficits, hypercoagul-
ability, malignancy, p-dimer level, and oral contraceptive use.>?

A study based on 2454 consecutive patients with PE
reported that the 3-month mortality rate was 15%.° This study
revealed that risk factors relevant to death may include the
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patients developed symptomatic but nonmassive PE, while 248
patients developed symptomatic and massive PE.” Apart from
those patients, the study indicates that the predisposing factors
for mortality include prolonged immobility due to neurological
disorders, an age <75 years, and tumors.

It has been reported that the incidence of VTE is 25% (20/80
patients) after spinal surgery.® The most important risk factor
for developing postoperative VTE is reportedly preoperative
walking disability. Another retrospective study reported the
prevalence of VTE to be 17% (147/861 patients) after spinal
surgery, and the important risk factors for developing post-
operative VTE were advanced age, increased p-dimer, and
hypertension.” In addition, Japanese researchers reported that
the incidence of VTE (n = 79) was 10.1% among patients with
single-level lumbar spondylolisthesis treated with spinal fusion
surgery.’ In addition, the prevalence of VTE after degenerative
spinal surgery in patients differs by surgical site and surgical
procedure, such as in patients with cervical or thoracolumbar
degenerative disease, lumbar spinal stenosis, or single-level
lumbar spondylolisthesis treated with single posterior decom-
pression surgery or fusion surgery. However, few prospective
studies with large samples have focused only on single-level
lumbar fusion and DVT risk.

As such, this study was prospectively designed to focus on
the current occurrence of lower limb DVT among patients
undergoing only single-level lumbar fusion surgery, identify
the risk factors related to lower limb DVT, and provide a better
understanding of lower limb DVT in patients with single-level
lumbar fusion.

Methods
Patient Population

This study was performed in our hospital with approval from
the institutional ethics board, and written informed consent was
obtained from all the patients. Between January 2010 and
December 2016, patients undergoing single-level lumbar
fusion were recruited for this study. Medical data, including
baseline population demographics and characteristics, opera-
tive data, underlying diseases, and routine biochemical para-
meters, were collected. Biochemical parameters were analysed
before surgery. All enrolled patients were routinely inspected
via lower extremity ultrasonography preoperatively and 7 days
postoperatively. After spinal fusion surgery, surgical site
drainage was normally adopted. All patients received prophy-
lactic treatment with 5000 UI low-molecular-weight heparin
(LMWH) per day until they could walk. Meanwhile, the
patients were encouraged to perform lower limb exercises to
improve blood circulation. The exclusion criteria included the
following: (1) no lumbar interbody fusion; (2) preoperative
DVT; and (3) anticoagulant drug use within 1 week before
surgery. Patient age, sex, disease history, biochemical data,
surgical data, and VTE data were all collected and analyzed
in this study.

Table I. Clinical Characteristics of All Patients.

Items DVT Group Non-DVT Group P Value*
No. of patients (%) 84 (11.8%) 626 (88.2%) -
Age, years 64 (IQR: 10) 53 (IQR: 8) .015
Sex (M:F) 23:61 149:477 .662
BMI, kg/m? 24.53 (IQR: 4.18) 22.15 (IQR: 4.24)  .098
Hospital stay, days 14 (IQR: 5) 12 (IQR: 6) .635

Abbreviations: BMI, body mass index; DVT, deep vein thrombosis.
*Mann-Whitney U test was applied for data analysis of age, BMI, and hospital
stay. x? test was applied for data analysis of sex.

Statistics

Statistical analyses were carried out with SPSS software 18.0
(IBM SPSS Inc, Chicago, Illinois). All measurement data are
expressed as the mean (standard deviation) or median (inter-
quartile range [IQR]) when applicable. Statistical analyses
were performed by Student ¢ test or the Mann-Whitney U test
when applicable. All count data are presented as frequencies,
and the % test was applied for data analysis when applicable.
Logistic analysis was used to determine the relationship
between VTE and potential risk factors. The regression condi-
tions were as follows: backward (likelihood ratio [LR]) and
stepwise probability (entry, 0.10; removal, 0.15). The logistic
regression equation is presented as logit P =Xy, + A x X; + B
x X, 4+ C x X3, (X = constant; X, X,, X5 = risk factors). The
equation was statistically determined by the Pearson y? test.
Two-tailed P values <.05 were considered significant.

Results
General Patient Data

A total of 710 patients who underwent single-level lumbar
fusion surgery were identified and included in this study,
including 172 males and 538 females (aged 18-75 years). For
all patients, the median hospital stay was 12 (IQR: 5) days. Of
all included patients, 84 (11.8%) developed postoperative
DVT. Five (0.7%) patients were symptomatic, with lower limb
pain and swelling. Two (0.3%) patients developed PE and 1
died. The rest of all the 84 patients with DVT were
asymptomatic.

As shown in Table 1, the patient’s age in the DVT group
was 64 (IQR: 10) years, which was different from that in the
non-DVT group, at 53 (IQR: 8) years (P = .015). Of the 84
patients with postoperative DVT, 23 were males and 61
were females. There was no significant difference regarding
sex (P = .662) between the DVT and non-DVT groups. The
body mass index (BMI) was applied as a weight to height
ratio in all patients and was 24.53 (IQR: 4.18) in the DVT
group and 22.15 (IQR: 4.24) in the non-DVT group (P =.098). In
addition, there was no significant difference regarding hos-
pital stay between the 2 groups (P = .635). Other informa-
tion regarding the 84 postoperative patients with DVT is
shown in Table 2.
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Table 2. Information of the 84 Postoperative Patients With DVT. Table 5. Biochemical Analyses Related to Postoperative DVT.
Items Data in Detail DVT Group Non-DVT Group
Items (84 Cases, 11.8%) (626 Cases, 88.2%) P Value®
No. of DVT sites 68 patients with single site; 10 with double sites;
6 with 3 or more PTA 112% + 15% 112% + 16% .862
Distribution of DVT DVT in calf intermuscular veins with 65 HDL 1.23 + 0.24 mmol/L .12 + 0.25 mmol/L 133
patients; femoral vein | patient; popliteal vein  LDL 3.07 + 0.80 mmol/L  3.16 + 0.77 mmol/L .689
2 patients; anterior tibial veins 6 patients; FIB 3.05 (0.62) g/L 2.82 (0.97) g/L 239
posterior tibial veins 12 patients; fibular veins  TT 14.95 (2.75) s 14.7 (1.5) s 674
23 patients D-BIL 3.80 (1.25) umol/L 3.55 (1.90) pmol/L .970
Fusion levels 4| cases with L4-5 level, 32 with L5-SI| level, 5 I-BIL 8.80 (3.58) umol/L 8.30 (4.00) umol/L 861
with L3-4 level, 4 with L2-3 level, and 2 with TC 4.76 (1.37) mmol/L 4.76 (1.09) mmol/L 891
L1-2 level T-BIL 12.20 (5.98) umol/L 12.00 (5.50) pmol/L .945
p-dimer  0.23 (0.19) mg/L 0.13 (0.12) mg/L 018

Abbreviation: DVT, deep vein thrombosis.

Table 3. Comparison of Operation Data Related to Postoperative
DVT.

DVT Group
(84 Cases, Non-DVT Group Mann-Whitney
11.8%) (626 Cases, 88.2%) U Test
z P
Items Median (IQR) Median (IQR) Value Value
Surgical 165 (101) min 172 (75) min —0.237 813
duration
Blood loss 600 (525) mL 600 (500) mL ~ —0.048 .96l
Blood 325 (400) mL 300 (400) mL  —0.167 .867
transfusion
Incision length 15 (10) cm 16 (5) cm —0911 .362

Abbreviations: DVT, deep vein thrombosis; IQR, interquartile range.

Table 4. Comparison of Underlying Disease History Associated With
Postoperative DVT.

DVT Patients Non-DVT Patients

Diseases (84 Cases, 11.8%) (626 Cases, 88.2%) P Value®
HBP 25 (3.5%) 95 (13.4%) .001
DM 8 (1.1%) 58 (8.2%) 912
HD 14 (2.0%) 107 (15.1%) 922

Abbreviations: DVT, deep vein thrombosis; DM, diabetes mellitus; HBP, high
blood pressure; HD, heart disease.
%2 test was applied for data analysis.

Comparison of Surgical Data

The operative data included the duration of the operation, peri-
operative blood loss volume, need for blood transfusion, and
surgical incision length; there were no significant differences
between the DVT and non-DVT groups in any of the above-
mentioned surgical parameters (all P > .05) as shown in Table 3.

Underlying Disease History

As shown in Table 4, comparisons were made regarding under-
lying diseases between the 2 groups, including HBP, diabetes
mellitus (DM), and heart disease (HD). The HBP distribution

Abbreviations: DVT, deep vein thrombosis; PTA, prothrombin time activity;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard
deviation; FIB, fibrinogen; TT, thrombin time; TC, total cholesterol; T-BIL, total
bilirubin; D-BIL, direct bilirubin; I-BIL, indirect bilirubin.

*Student t test was applied for data analysis of PTA, HDL, and LDL. Mann-
Whitney U test was applied for data analysis of FIB, TT, D-BIL, I-BIL, TC,
T-BIL, and p-dimer.

was different between the DVT and non-DVT groups (P =
.001), while no significant differences were found between the
DVT and non-DVT groups in the other parameters, including
DM and HD (all P > .05).

Biochemical Data Analyses

As shown in Table 5, biochemical data were compared between
the DVT and the non-DVT groups. The p-dimer level was
found to be significantly different between the 2 groups (P =
.018), while there were no differences in any of the other bio-
chemical parameters (all P > .05).

Logistic Regression Analysis

In this analysis, all patients were grouped into 4 categories
according to their age (~45, 45~ 54, 55~ 64, and 65 ~ years).
The regression conditions were as follows: backward (LR) and
stepwise probability (entry, 0.10; removal, 0.15). As shown in
Table 6, binary logistic regression indicated that advanced age
(P = .001, odds ratio [OR] = 2.86, 95% CI: 1.85-5.12), hyper-
tension (P = .006, OR = 4.10, 95% CI: 1.09-2.30), and
increased p-dimer (P < .001, OR = 3.49, 95% CI: 2.05-6.36)
were risk factors for postoperative DVT. The logistic regres-
sion equation was as follows: logit P = —3.12 + 1.05 x X; +
141 x X, 4+ 1.25 x X3 (X = age; X, = hypertension; X3 = D-
dimer). The equation was statistically significant by the Pear-
son % test (P < .001).

Discussion

In our study, the incidence of lower limb DVT was 11.8% (84
out of 710 cases) among patients who underwent single-level
lumbar fusion; this result is similar to the incidence reported in
a previous study. Yang et al’ revealed that the DVT incidence
was 17% (147/861 patients) after spinal surgery, including
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Table 6. Binary Logistic Regression Analysis Regarding VTE
Development.

No. Items B Exp (B) P Value 95% CI for Exp (B)
X1 Age 1.05 2.86 .001 1.85-5.12

X2  HBP 1.41 4.10 .006 1.09-2.30

X3  D-dimer 1.25 3.49 <.001 2.05-6.36

X4  Incision —0.15 0.86 228 0.53-1.56

X5 FIB —0.05 0.95 .847 0.65-1.43

X6  HDL 0.09 1.09 319 0.79-1.82

X7 BMI 0.34 1.40 237 0.92-2.63

X0 Constant —3.12 0.04 .000 —

Abbreviations: BMI, body mass index; Cl, confidence interval; DVT, deep vein
thrombosis; FIB, fibrinogen; HBP, high blood pressure; HDL, high-density lipo-
protein; VTE, venous thromboembolism.

fusion and nonfusion surgery. However, they reported in
another study'® that the rate of lower limb DVT detection by
ultrasonography was 22.4% (223/995) in patients who under-
went lumbar interbody fusion; the same authors reported 2
different results regarding the incidence of lower limb DVT.
Perhaps they performed different surgical procedures for vari-
ous spinal diseases, such as cervical spondylopathy, thoracic
diseases, and lumbar disc degenerative diseases, which were
evaluated together. Herein, it is apparent that ultrasonography
is a crucial screening method for the detection of DVT in
clinical situations. With the help of ultrasonography, clinicians
can identify DVT at an early stage and take appropriate mea-
sures, which are especially helpful in cases of lethal, asympto-
matic DVT that may lead to PE. Hence, the regular use of
ultrasonography pre- and postoperatively is warranted for the
early detection of DVT.

Yoshioka et al® reported that the incidence of VTE was up to
10.1% among patients with lumbar spondylolisthesis who
underwent 1-level lumbar interbody fusion surgery. They also
found that advanced age, the female sex, the spinal level, and
neurological deficits were possible risk factors for VTE devel-
opment. Our study was expected to identify possible risk fac-
tors related to lower limb DVT and to assess the risk of this
condition in patients after single-level fusion surgery. Interest-
ingly, our results are consistent with those above, with no dif-
ferences in terms of DVT incidence among patients undergoing
1-level fusion surgery. As we have observed in clinical prac-
tice, most cases of DVT form and develop in distal regions,
consistent with the results of a previous study by Yoshioka
et al’ They reported a distal DVT incidence of 85.7% (30/
35). In addition, we have found in our daily clinical work that
most DVT cases occur in calf intermuscular and fibular veins
as reported in this study.

As a consequence, the incidence of DVT detected by ultra-
sonography in this study was 11.8% (84 of 710 cases) among
patients after single-level lumbar fusion surgery. Five patients
were symptomatic with lower limb pain and swelling. Two
patients developed PE and 1 died. All comparisons of operative
data, including the operation duration, perioperative blood loss
volume, and surgical incision length, revealed no differences

between patients with or without DVT. In addition, no signif-
icant differences were found in other variables, including bio-
chemical parameters, between the 2 groups. However, binary
logistic regression indicated that advanced age, HBP, and
increased D-dimer were risk factors for postoperative DVT,
which is an interesting result that could be explained by the
following. First, older patients generally move less after spinal
fusion surgery, which is a contributing factor for the develop-
ment of DVT. Second, prolonged HBP damages the vessel
endothelium, contributing to the formation of DVT. In addi-
tion, a high p-dimer level indicates a state of hypercoagulabil-
ity, which is undoubtedly another contributing factor for DVT
development. However, these are not novel risk factors that
may fill a knowledge gap; instead, they represent the strong
confirmation of previous findings.

Regarding risk factor analyses, Yang et al>'® found that the
possible risk factors contributing to postoperative VTE devel-
opment are advanced age, increased p-dimer level, hyperten-
sion, high visual analogue scale score, and blood transfusion,
while the region distribution and high-density lipoprotein level
are likely to be protective factors. A recent study’' reported that
DVT was detected in 9.4% (269/2861) of patients after poster-
ior lumbar surgery. Advanced age, preoperative p-dimer level,
and history of rheumatoid arthritis were identified as risk fac-
tors related to DVT development after posterior lumbar sur-
gery. In a multicenter study including only elderly (>80 years)
patients who underwent lumbar decompression, increased age
was correlated with some minor complications, including VTE
development.'?

A recent retrospective study'? investigated 43 777 patients
who underwent thoracolumbar surgery. Among these patients,
202 (0.5%) cases of PE and 311 (0.7%) cases of DVT were
identified. Multiple risk factors for VTE were identified in the
study, including disseminated cancer, length of stay (LOS) >6
days, paraplegia, albumin<3, white blood cell count>12,
BMI>40, American Society of Anesthesiologists class 4 or
greater, and operative time>193 minutes; LOS <3 days was
considered a protective factor. Interestingly, another study'*
reported similar results; this study included a large group of
patients who underwent spinal surgery (n = 22 434). The rate
of VTE in the cohort was 1.1% (PE, 0.4%; DVT, 0.8%). Why
does the incidence of DVT in these 2 studies seem so low?
These results seem low because the studies only identified
cases of symptomatic DVT and never investigated asympto-
matic DVT. In contrast, our study screened all patients for
DVT by ultrasonography regardless of whether they were
symptomatic. Thus, the DVT incidence is much higher
(11.8%) in comparison.

In a prospective study'” of 100 children, no cases of DVT
were found by ultrasound in 91 patients; the other 9 patients
were lost to follow-up. While the study may be underpowered
for generating a definitive incidence, the obtained data sug-
gest that the risk of VTE is very low in children who undergo
elective neurosurgical procedures. Therefore, prophylactic
protocols designed for adults should not be applied to pedia-
tric patients.
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Most previous studies performing a risk assessment of VTE
development have focused on hospitalized patients. However,
3 of 4 VTE events arise outside hospitals.'®'® Furthermore,
factors that affect VTE are often found to be associated with
a previous hospital stay.'” Thus, when investigating risk factors
for VTE, the continuity of VTE development should be con-
sidered. It is essential and very important to establish a com-
plete prophylaxis strategy for VTE after an operation
regardless of the hospital stay duration and time since dis-
charge from the hospital. As previously reported, patients at
a moderate or high risk of VTE development require regular
prophylaxis, typically with preventive doses of anticoagulant
agents, such as LMWH.?

The current situation regarding VTE prophylaxis is not opti-
mistic. Nearly two-thirds of all VTE events are due to hospi-
talization, but only one-third of all hospitalized patients with
risk factors are prophylactically treated to an adequate extent.”’
Currently, there are 2 types of prophylactic treatment for VTE:
one is mechanical prophylaxis, which can provide intermittent
pneumatic compression to lower limb muscles and the vascu-
lature to promote blood circulation, and the other is pharmaco-
logical prophylaxis, primarily including anticoagulant drugs,
such as LMWH.?! However, the effect of prophylactic LMWH
treatment for VTE remains a matter of debate*>** and requires
further investigation. Additionally, there is a lack of appropri-
ate prophylactic protocols for DVT after spinal surgery. We
generally use different methods to prevent DVT after spinal
surgery, including mechanical prophylaxis (intermittent pneu-
matic compression and compression stockings) as well as
anticoagulant drugs (often LMWH). An additional effective
method is to encourage patients to undergo rehabilitation train-
ing as early as possible.”®> This training includes 2 different
types of procedures: one is regular physical activity, such as
walking and the other is lower limb rehabilitation training
gymnastics on a daily basis, which has been reported to be
effective prophylactically for DVT after spinal surgery.>

In summary, advanced age, increased p-dimer, and hyper-
tension may contribute to DVT development after single-level
lumbar fusion surgery. This study contributes to a better under-
standing of the risk of lower limb DVT.

Compliance With Ethical Standards

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Declaration of Helsinki and its later amendments or com-
parable ethical standards.

Authors’ Note

Chun-Ming Zhao and Yu Zhang contributed equally to this study. The
scientific guarantor of this publication is Prof. Chun-Ming Zhao. The
authors of this manuscript declare no relationships with any compa-
nies whose products or services may be related to the subject matter of
the article. The content of the manuscript is original, and it has not
been published or accepted for publication.

Declaration of Conflicting Interests

The author(s) declare no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) disclose receipt of the following financial support for
the research, authorship, and/or publication of this article: This study

was supported by the Medical Key Youth Talents Fund of Jiangsu
Province (Grant No. QNRC2016517).

References

1. Bang SM, Jang MJ, Kim KH, et al; Korean Society of Thrombosis
and Hemostasis. Prevention of venous thromboembolism, 2nd
edition: Korean Society of Thrombosis and Hemostasis
Evidence-based Clinical Practice Guidelines. J Korean Med Sci.
2014;29(2):164-171.

2. MacDougall DA, Feliu AL, Boccuzzi SJ, Lin J. Economic burden
of deep-vein thrombosis, pulmonary embolism, and post-
thrombotic syndrome. Am J Health Syst Pharm. 2006;63(20 suppl
6):S5-S15.

3. Goldhaber SZ. Risk factors for venous thromboembolism. J Am
Coll Cardiol. 2010;56(1):1-7.

4. Strom RG, Frempong-Boadu AK. Low-molecular-weight heparin
prophylaxis 24 to 36 hours after degenerative spine surgery: risk
of hemorrhage and venous thromboembolism. Spine (Phila Pa.
1976). 2013;38(23):E1498-E1502.

5. Yang SD, Liu H, Sun YP, et al. Prevalence and risk factors of deep
vein thrombosis in patients after spine surgery: a retrospective
case-cohort study. Sci Rep. 2015;5:11834.

6. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism:
clinical outcomes in the International Cooperative Pulmonary
Embolism Registry (ICOPER). Lancet. 1999;353(9162):
1386-1389.

7. Laporte S, Mismetti P, Décousus H, et al. Clinical predictors for
fatal pulmonary embolism in 15,520 patients with venous throm-
boembolism: findings from the registro informatizado de la enfer-
medad tromboembolica venosa (RIETE) Registry. Circulation.
2008;117(13):1711-1716.

8. Tominaga H, Setoguchi T, Tanabe F, et al. Risk factors for venous
thromboembolism after spine surgery. Medicine (Baltimore).
2015;94(5):e466.

9. Yoshioka K, Murakami H, Demura S, Kato S, Tsuchiya H. Pre-
valence and risk factors for development of venous thromboem-
bolism after degenerative spinal surgery. Spine (Phila Pa. 1976).
2015;40(5):E301-E306.

10. Yang SD, Ding WY, Yang DL, et al. Prevalence and risk factors
of deep vein thrombosis in patients undergoing lumbar interbody
fusion surgery: a single-center cross-sectional study. Medicine
(Baltimore). 2015;94(48):¢2205.

11. Weil,Li W, Pei Y, Shen Y, Li J. Clinical analysis of preoperative
risk factors for the incidence of deep venous thromboembolism in
patients undergoing posterior lumbar interbody fusion. J Orthop
Surg Res. 2016;11(1):68.

12. Murphy ME, Gilder H, Maloney PR, et al. Lumbar decompression
in the elderly: increased age as a risk factor for complications and
nonhome discharge. J Neurosurg Spine. 2017;26(3):353-362.



1625

Clinical and Applied Thrombosis/Hemostasis 24(9S)

13.

14.

15.

16.

17.

Sebastian AS, Currier BL, Kakar S, et al. Risk factors for venous
thromboembolism following thoracolumbar surgery: analysis of
43,777 patients from the American College of Surgeons National
Surgical Quality Improvement Program 2005 to 2012. Global
Spine J. 2016;6(8):738-743.

Piper K, Algattas H, DeAndrea-Lazarus IA, et al. Risk
factors associated with venous thromboembolism in patients
undergoing spine surgery. J Neurosurg Spine. 2017;26(1):
90-96.

Scherer AG, White IK, Shaikh KA, Smith JL, Ackerman LL,
Fulkerson DH. Risk of deep venous thrombosis in elective neu-
rosurgical procedures: a prospective, Doppler ultrasound-based
study in children 12 years of age or younger. J Neurosurg Pediatr.
2017;20(1):1-6.

Spencer FA, Goldberg RJ, Lessard D, et al. Factors associ-
ated with adverse outcomes in outpatients presenting with
pulmonary embolism: the Worcester Venous Thromboembo-
lism Study. Circ Cardiovasc Qual Outcomes. 2010;3(4):
390-394.

Spencer FA, Emery C, Joffe SW, et al. Incidence rates, clinical
profile, and outcomes of patients with venous thromboembolism.
The Worcester VTE study. J Thromb Thrombolysis. 2009;28(4):
401-409.

18.

19.

20.

21.

22.

23.

Spencer FA, Lessard D, Emery C, Reed G, Goldberg RJ. Venous
thromboembolism in the outpatient setting. Arch Intern Med.
2007;167(14):1471-1475.

Spencer FA, Gore JM, Lessard D, Douketis JD, Emery C, Gold-
berg RJ. Patient outcomes after deep vein thrombosis and pul-
monary embolism: the Worcester Venous Thromboembolism
Study. Arch Intern Med. 2008;168(4):425-430.

Koo KH, Choi JS, Ahn JH, Kwon JH, Cho KT. Comparison of
clinical and physiological efficacies of different intermittent
sequential pneumatic compression devices in preventing deep
vein thrombosis: a prospective randomized study. Clin Orthop
Surg. 2014;6(4):468-475.

Jaffer AK. An overview of venous thromboembolism: impact,
risks, and issues in prophylaxis. Cleve Clin J Med. 2008;
75(suppl 3):S3-S6.

Cox JB, Weaver KJ, Neal DW, Jacob RP, Hoh DJ. Decreased
incidence of venous thromboembolism after spine surgery with
early multimodal prophylaxis: clinical article. J Neurosurg Spine.
2014;21(4):677-684.

Liu SK, Song YL, Ding WY, Yang DL, Ma L, Yang SD. The
effect of systematic lower-limb rehabilitation training in elderly
patients undergoing lumbar fusion surgery: a retrospective study.
Oncotarget. 2017;8(68):112720-112726.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


